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LXXXI. Some Confederations on a late Treatife 
intituled , A new Set of Logarithmic Solar 
Tables, &?c. intended for a more commo¬ 
dious Method of finding the Latitude at 
Sea , by Two Obfervations of the Sun ; by 
H. Pemberton, M, D. R. S. Lond. et 
R. A. Berol. S. 


Read Nov. 20, /R s it happens not unfrequently at 
1,1 ° /*1 fea for the unfeafonable interven¬ 

tion of elouds to prevent the ordinary method of de¬ 
termining the fhip’s latitude by the fun’s meridian 
altitude, even when it is of primary confequence, 
that the true latitude Ihould be known > a problem 
for remedying this difappointment is ftated in many 
treatifes of navigation, for finding the latitude of a 
place by any two altitudes of the fun, with the inter¬ 
val of time between them. 


A problem, fimilar to this is propofed, and folved 
inftrumentally upon a globe, by a very early writer, 
Petrus Nonius ( a ), namely, to find the latitude by 
two altitudes of the fun, and the angle made by the 
azimuth circles paffing through the fun, when the 
altitudes are taken. And fince more commodious 
and accurate inftruments for meafuring time have 
been invented, than were known to this author, the 
©:her problem has been propofed for the fame pur- 


{a) In Libr, De Obferv, ReguL et Inflrun. Geometr. lib. ii. 
c. 14. 


pofe. 
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pofe, of which a conftruCtion upon the principles of 
the flereographic projection of the fphere is exhibited 
by Mr. Collins, in his Mariner’s Plain Scale new 
planed (^). And as the direCt method of folving both 
thefe problems by numbers requires a diverfity of tri¬ 
gonometrical operations, a fet of tables has lately been 
publifhed for a more compendious way of computa¬ 
tion in the problem, where the interval of time is 
given, whereby the fhip’s true latitude may be very 
expeditioully derived from the fhip’s dead reckoning, 
provided the obfervations are made within certain li¬ 
mits of time. 

But however worthy of notice this method may 
be, new tables for the purpofe are altogether unne- 
ceflary. It confifts of two parts: the firft computes, 
from the latitude exhibited by the dead reckoning of 
the fhip, the diftance from noon of the middle time 
between the obfervations, and thence the time of 
either: the fecond operation computes, from one of 
thefe obfervations, what fhould be the fun’s meri¬ 
dian altitude, had the fhip’s reckoning given the true 
latitude; but if the latitude affirmed from that reckon¬ 
ing is erroneous, the altitude thus computed will not 
be conformable to it; however, if the times for the 
obfervations are properly chofen, it will much better 
agree to the true latitude, and thereby the affirmed 
latitude may be more or lefs corrected.. 

But both thefe operations are an immediate con- 
fequence from the propofition in fpherical trigono¬ 
metry, ulually delivered under the name of the fourth 
axiom, which is this; That the fquare of the radius 
is to the rectangle under the lines of the fides con- 


(*>) Book ill. p. 35, 

tainihg 
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taining any angle, as the verfcd fine of that angle to 
the difference between the verfed fines of the third 
fide, and of the difference between the fides contaija- 
taining the angle. 




Hence if A be the zenith of any place} B the ele¬ 
vated pole} C, D two places of the fun in the parallel 
of declination DFj by this propofition in the tri¬ 
angle ABC, 

Rad. 


3 
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Rad. q : fin. AB x fin. BC (cof. lat. x cof. decl. 0) 
;; verf. f. ABC : verf. f. AC — verf. f, AF, 

And, in like manner, in the triangle A B D, 

Rad. q : cof. lat. x cof. decl. © ;; verf. f. A B D 
: verf.f. AD —verf. f. AF j 
Confequently, 

Rad. q : cof.lat.xcof.decl.O: :verf.f. ABD — verf.f.ABC 
: verf. f. A D — verf.f. AC. _ 

But 4 rad. x verf. f. ABD.— verf. f. A B C is = 
. ABD + ABC r ABD —ABC 

fin--f-* fin *- * -; 

Therefore, 

Rad. q : cof. lat. x cof. decl. © :: fin. A ffP it—i i P 

2 

x fin. A - P ~ A — : \ rad. x verf.f. AD—verf.f. AC. 

2 

And this is the firft operation in the treatife, thefe re¬ 
marks concern. For in the redangle, the fin.- —* AB( ? 

x the fin. A BP ~AP P, the firft fide, when the obfer- 

vations are both made on the fame fide of noon, and 
the fecond fide of this redangle, when one obferva- 
tion is before noon, and the other after, is the fine 
of the diftance of the middle time between the ob- 
fervations from noon, and the other fide is the fine 
of half the diftance between the obfervations. And 
in the new tables one column exhibits the arithme¬ 
tical complement of the logarithmic fine of half the 
elapfed time, and the next, the logarithm of twice 
the fine of the middle time._ 

But moreover, \ rad. x veil.i. Ah — veil.ft.AC 

, . , - AD + AC r AD - AC , 

being equal to fin,.- x fin.- - -, the 

operation may be exprefled more commodioufly thus. 

Rad. 
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■Rad.’ : cdf. !at. ■/ cof. decl. © :: fin. — ~ ABC 

2 

r ABD-ABC r AD + AC r AD-AC 
x fin. —— -: fin. -— 1 -x fin. - ; 

now requiring the common logarithmic lines only. 

Again, the fquare of the radius being, as above, 
to cof. lat. x cof decl. 0, as the verf f ABC to 
verf f AC — verf f AF, or as verf f AB D to 
verf f AD — verf f AF, thefe analogies exprefs the 
fecond operation, which, in this treatife, is unnecef- 
larily confined to the lefler angle ABC. The co¬ 
lumn in the table intituled Rifing confifts of loga¬ 
rithmic verfed fines, which may be applied to either 
of the angles ABC or ABD promifcuoufly j for 
here AF being equal to the excefs of BC or BD 
above the arch B A, aflumed for the complement of 
the latitude, the arches A C and A D, in the pre¬ 
ceding analogies, will be the complements of the alti¬ 
tudes obferved, if the latitude were truly aflumed, 
otherwife not j but the difference of their verfed fines, 
will however be equal to the difference of the verfed 
fines of the complements of the true latitudes j for 
this is fuppofed in the firfl: operation. Therefore, if 
one of the fourth terms of thefe analogies be de¬ 
ducted from the verfed fine of the complement of 
the greater altitude, or the other from the verfed fine 
of the complement of the lefler, the remainder will 
be the fame, and exhibit a verfed fine for the com¬ 
plement of the fun’s altitude different from A F, 
when B A is affirmed different from the true latitude, 
and nearer to the truth, if the times for the obferva- 
tions are properly chofen. 

But farther, the two preceding analogies may be 
reduced to thefe $ 

Rad. 
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Rad. 1 : cofi l at. x cof. decl. 0 :: fin. ^ABCr® 
: \ rad. x verf. f. AC — verf. f. AF, 

And 

Rad. 1 : cof. lat. x cof. decl. O :: fin. i ABDV 
: 4 - rad. x verf.f AC — verf. f. AF5 
Alfo, 

Verf. f. AC-verf. f. AF = cof. AF- cof. AC, and 
verf.f. AD —- verf. f. AF = cof. AF — cof. AD. 

And thus the common tables of fines will fupply 
the ufe of this column of the new tables, as well as 
the preceding. 

The firft example of this treatife, wrought by the 
common tables. 

Here the declination of the fun is Hated at 11° 17' 
N. the altitude firft taken, being the lefler, 46° 55', 
the greater altitude 74° 7', and the difference of time 
between the obfervations ih 25m, or 8j«i. which, 
divided by 4, gives 21 0 1 j for the arch of the equi¬ 
noctial correfponding. 

Here the obfervations are both before noon; there¬ 
fore, in fig. 1. the latitude being affumed 46°. jo', 
For the firft operation. 


AC = 35 
AD = 42 
Their fum = 78 
Their difference = 7 
Sine of I* fum (39 
Sine of j difference ( 3 
Arith. com. of the fine of j CBD (= 10 
Arith. com. of the fine of B F, or the cof. of the decl 
of the fun, ------------ 

Sum 

Cof* of the lat. alTumed 
ABD + ABC 


/ 

S 3 

5 

58 

11 

29 

36 

37 


it 

o 

o 

o 

o 

o) 

o) 

30) 


9.80336 

8.79789 

0.73429 

0.00848 


19.34402 

9-83513 


VOL. LI. 


6 B 


2 


9.50889 

For 




[ 9*6 ] 


For the fecond operation. 


ABD + ABC = l8 50 

2 

A B D — ABC 

-—---— — io 37 30 

2 

ABC = 8 12 20 

Sine of \ ABC (46 10) 

Cof of decl. © 
Cof of the lat. aflumcd 


8.85458 

8.85458 

9.99152 

9 * 35*3 


Sum *-30.00000 = log. of the 


verff AC-verff AF 
2 


7-535 Sl 


Verf f. AC — verf. f. AF 
Natural cof. of A C, the complement of the greater ^ 
altitude, - - 


Natural cof of 35 0 12* 23" 


0.006868 

0.810212 

0.817080 


Or, ABP ^ A - B -S + ABD ~ ABC being = ABD, 

Si„eof{ABD(.+-43'40")^ 

Cof, of the decl. of the fun 9 99152 
Cof of the latitude aflumed 9.83513 


Sum - 30.00000 r= log. of the 


verf f. AD -verf f AF 
2 


8.63709 


Verf f AD —verf f AF 
Natural cof of AD, the complement of the lelfer 
altitude, ~ - 

Natural cof of 35 0 12' 23", as before 


o 086720 
^ 0.730361 
0.817081 


Thus the meridian diftance of the fun from the 
zenith is computed at 35 0 12' 23 ', and this added 
to the fun’s declination 11 0 17' N. gives 46° 29' 23" 
for the latitude* different from that affumed, and 
nearer to the true latitude which, by a fecond 

operation 


4 
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operation with this latitude now found, will approach 
ftill nearer to the truth, thus: 

The fum of the four firft logarithms in the firft of? ■>4.4.02 
the two former operations, - - - - - - - j * *** 


Cofine of 46 29 23 

, ABD-f- ABC c 
Sine of-—-= 18 42 25 


983789 

9 - 5° 6i 3 


AED-ABC 
---= to 37 30 

A B C = 8 4 55 
2 - ABC = 4 2 27* £ 


Log. 


verf.f. AC —verf. f.AF 
2 


8.84800 

8.84800 

9 99 I 5 2 
9.83789 


7.52541 


Verf. f. A C — verf. f. A F 0.006704 
Natural cof. of A C, as before, 0.810212 
Natural* cof, of 35 0 13' 2i /; 0.816916 

The declination of the fun added to this, amounts 
to 4 6° 30' 31", the true latitude, as diredly com¬ 
puted, being 46° 30' ip". 

However, it muft not be expedted, that this me¬ 
thod of computation will always converge thus expe- 
ditioufly to the true latitude. Had thefe obfervations 
been made about 3 hours fooner in the day, and 
with the fame interval between them, if the firft al¬ 
titude of the fun had been found 18 0 55', and the 
fecond 33 0 n', the latitude computed would come 
out wider from the truth, than that aflumed, one 
exceeding, and the other falling fihort of the true la¬ 
titude, which will lie between them, and is nearly 
the fame, as above. But if the lefier altitude had 

6 B 2 been 
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been xp° 13', and the greater 40 0 j In 9 degrees of 
north latitude the interval between the obfervations 
would have been nearly the fame, as before. But if 
this latitude be fought by any latitude affumed near 
it, the latitude computed according to the method 
above, will fall more remote from the truth, than 
that affumed, and err the fame way. 

In general, the error in the latitude affumed will 
bear to the error in the latitude computed, nearly 
the ratio compounded of that of the reCtangle under 
the radius and the cofine of the diftance from noon 
of the middle point of time between the two obfer¬ 
vations to twice fin. \ ABC x fin. } ABD, and 
the ratio of rad. x fin. A F to fin. B C x cof. A B; 
infomuch that the diftance of the middle point of 
time between the two obfervations from noon is 
to be confidered, as the limit, where thefe com¬ 
putations fhall ceafe to converge, when the rect¬ 
angle under the radius, and the cofine of this 
diftance from noon ilia.ll be to twice fin. \ A B C 
x fin. 7 ABD, (or the cofine of this diftance to the 
difference between the verfed fine of this diftance 
from the verfed fine of half CBD) as fin. BF x cof. AB 
to rad. x fin. A F. And the errors in the affumed 
and computed latitudes fall on different fides of the 
true latitude, when both the obfervations are on the 
fame fide of noon, and the zenith lies between the 
meridian fun and the elevated pole; or when the ob- 
ervations are one before, and the other after noon, 
if the meridian fun paffes between the zenith and 
the elevated pole: otherwife, they fall on the fame 
fide of the true latitude. 

However,, 
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However, the direCt method of computation, by 
the affiftance of the natural fines, will not be fo much 
more operofe than this compendium, as may at firft 
fight be imagined. For the arch of a great circle 
being drawn through C and D, forming the triangle 
BCD, if the logarithmic cofine of BC or BD be 
added to the logarithmic tangent of half the angle 
CBD, and the logarithmic fine of BC or BD be 
added to the logarithmic fine of half this angle, the 
firit fum is the logarithmic cotangent of the angle 
BCD, and the fecond the logarithmic fine of half 
C D, the bafe of the triangle. Then, in the triangle 
A C D, from the fides, now all given, is to be com¬ 
puted the angle A CD, the difference between which, 
and the angle above found BCD, is the angle BC A, 
when the zenith lies between the pole, and the 
great circle through C, D; but when the zenith lies 
beyond that circle, the angle BCA is either the 
fum of thofe angles, or the fupplement of that fum 
to a circle. And, in the laft place, if twice the loga¬ 
rithmic fine of half this angle, and the logarithmic 
fines of BC and AC are added together, the fum, 
after thrice the logarithm of the radius has been de¬ 
ducted, is the logarithm of half the excefs of the 
natural cofine of B C w AC above the natural cofine 
of A B, or the natural fine of the latitude, according 
to the trigonometrical axiom, which has been above 
referred to; for rad. x £ verf. f. BCA is equal to 

fin. | B C Ah (r). 


(<) Vide Neper. Mirif. Canon. Conftruft, Edinburg. 1619, 

f • 59' 

The 
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The operation for the preceding example will be 
this: 

Tang. fCBD — 9.273225 Sinej-CBD— 9.265714 

Cof. BC— 9.291504 SineBC— 9.991524 

Cotang. BCD— 9.564729 Sine | CD— 9.257238 

B C D = 87° 53' 52" ? CD = io° 25' 2f 


^ O / // 

A D = 43 5 o 

AC = 35 53 o — 0.232001') 

CD = 20 50 5 0.4489503 

Sum = 99 48 5 

i Sum = 49 54 2? — 9.883621“) 

i Sum — AD = 649 2 \— 9.0744665 
Sum — 19-639038 
% Sum —■ 9.819519 


ar.co. of the fines, 
fines. 


This half fum is the logarithmic cofine of half 
A G D $ therefore, half A C D is = 48° 42' 11", and 
its difference from \ BCD will give ~ ACB == 

-O A J T J- n ° 

4 45 • 

Sin.of S ACB ^;«;*«4 

Sine of A C — 9*767999 
Sine of BC — 9.991524 

0.0039483 — log. — 7.596411 
2 

O.OO78966 

0.7333345 — natural cofine of BC — AC, that is, of 42 0 50'. 
O.7254379 — natural cofine of AB, or fine of the latitude. 
Therefore, the latitude is 46° 30' 19". 

But farther, as in the cafes, where the above ap¬ 
proximation takes place, it is an advantage, that the 
aflumed latitude fliould be taken as near the true 


one, 
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one, as can be, the dead reckoning of the fhip need 
not be intirely relied on for that purpofej for the 
inflrumental conftruCtion propofed by Mr. Collins ( d) 
will very readily give the true latitude, as nearly as 
the inftruments ufed can exprefs: and his method 
may be defcribed thus. 

Two ftraight lines AB, AC 
being drawn in an angle cor- 
refponding with the diftance 
in time between the obferva- 
tions, and in one of the lines, 
as A B, the lengths A D, A E 
being taken from any fcale of 
tangents, one equal to the 
tangent of half the fum, and 
the other equal to the tangent 
of half the difference of the 
diftance of the fun from the pole, and from the zenith 
of the firft obfervation, and alfo the points F, G, taken 
in the other line in the fame manner related to the 
other obfervation; then circles being defcribed on the 
two diameters DE, F G, the diftance of A from one 
of the interft dtions of thefe circles will be the tan¬ 
gent of half the complement of the latitude. 

Moreover, as in the treatife, which has given oc- 
cafion to this difcourfe, it is propofed fometimes to 
take into confideration the fhip’s motion during the 
time, between the obfervations, but imperfectly, re¬ 
gard being had to the change made by the fhip in 
longitude only; but the change in latitude alfo may 
be taken into confideration in the foregoing con- 



(d j In the place above cited. 


ffruCtion, 
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ftru&ion, by making the angle B A C equal to the 
fum or difference of the interval of time, and the 
change in the fhip’s longitude, according as that 
change is made towards the weft, or towards the 
eaft, and then drawing a line from A, not to the 
interfedtion of the circles; but fo, that the portions 
of that line, terminated by each of the circles, may 
be the tangents of arches, whofe difference is half 
the change in the latitude j which, if made from 
the pole, requires the portion of the line terminated 
at the circle, whofe diameter is D E, to be fhorter 
than the other j and the contrary is required, when 
the motion of the fhip is towards the pole. 

For determining the latitude by calculation, if the 
diftance of the fun in the firft obfervation from the 
zenith of the fecond could be found, this cafe would 
be reduced to the firft, wherein the fhip is confidered, 
as ftationary. And for this purpofe, it has been pro- 
pofed to make an additional obfervation, by an azi¬ 
muth compafs, of the angle, the fhip’s courfe makes 
with the azimuth of the fun, when the firft altitude 
is taken j and, perhaps, the fame angle may be found 
with fufficient exa&nefs from the latitude in the firft 
obfervation affumed, whether from the dead reckon¬ 
ing, or from the foregoing conftrudtien. 

Why I have taken no notice of the calculations ex¬ 
hibited by the author of the piece here animadverted 
on, as proofs of his method, will readily appear to 
thofe, who fhall caft their eye upon them. 

Scholium. 

The axiom in trigonometry, on which the calcu¬ 
lations here difcourfed of have been fhewn imme¬ 
diately 
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diately to depend, was introduced by Regiomontanus, 
and is ftill retained, as the foundation of the prefent 
methods of computing logarithmically an angle from 
the three fides of a fpherical triangle given, though 
they may be demonftrated more diredly by the fol¬ 
lowing lemma. 



In the circle ABC, the chord AC being drawn, 
and the arch ABC bifeded in B, if D be taken in 
the circle at pleafure, and the lines BE, DF drawn 
alfo at pleafure parallel to each other, one terminated 
by the circle in E, and the other by the chord A C 
in F} then AD, DC being drawn, BE x DF is = 
AD x DC. 

Draw D H perpendicular to A C, and alfo the 
diameter B G, joining E G. Then the angles FDH, 
E B G are equal, and the angles D H F, BEG right. 
Therefore BE is to BG as DH to DF, and BE x DF 
= BGxDH = ADxDC. 


Vol. LI. 


6 C 


Now, 
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Now, in the 
Ipherical triangle 
ABC, through 
B, and to the 
poles A, C, let 
the femicirclcs 
EBF, GBD be 
defcribed, and 
the arch A C 
completed to a 
circle. Then the 
femicircles EBF, 
GBD will be 
both perpendi¬ 
cular to the plane of this circle, cut it in their 
diameters E F, G D, and their common interfedtion 
BH be alfo perpendicular to it, and confequently 
perpendicular to G D, the diameter of the femicircle 
GB D, whereby G B, DB being joined, GDxGH 
is equal to GBs, and GD x DH equal to BDV 
Again, A K being drawn parallel to G D, the arch 
ACK is double AC, GCD double CB, EAD 



the fum of all the three lides of the triangle, E G r~ 
ED — DG (2 CB),GF = AF (AE)-f CG(CD) —AC 
= ED—2AC, and FD — ED —EF(2AB). 

Then EG, GF, FD, ED being joined; in the 
firft place, AK is to DG as AK x GH to DG x GH, 
alfo AIC to DG as AK x DG to DG % but AK x GH 
= EG x GF by the preceding lemma, and DG x GH 
= G B i ; whereby A K x D G is to D G q as E G x G F 
to GB’. Hence A K being twice the line of the arch 
AC, DG twice the line of the arch GC, equal to 
B C, E G twice the line of half the arch E A G, G F 

twice 
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twice the fine of half the arch G F, aftd G B twice 
the fine of half the angle A C B to the radius of the 
circle GBD, which is half GD; fin. AC x fin. BC 

is to rad.’ as fin. {ED — BC x fin. ED — AC 

to fin. A C B )\ And this is Napeir’s firft method 
of finding an angle from the three fides given (e), as it 
is ufually delivered. 

Again, AK is to DG, or AKxDGtoDG’, as 
AK x D H (ED x D F) to D G x DH, or D B9. 
Therefore, DB being twice the fine of half the angle 
B,C D, or twice the cofine of half the angle AC B to 
the radius of the circle GBD, as fin. AC x fin. C B 

to rad.’ fois^EDxfin. {- ED—A ti to cof. { ACB| q . 
And this is Napeir’s fecond method (f). 

And laftly, the cofine of an arch or angle being 
to its fine, as radius to the tangent, fin. { ED 
x fin. 4 - E D — A B will be to fin. {ED — BC 

x fin. t E D — A C as rad.’ to tang. {-AC Bl q , which 
is a third method added by Gellibrand (g). 

Moreover, 

In plain triangles, from the three fides given may 
an angle be found by a procefs fimilar to each of 
thefe, as follows: 


(<?) Mirific. Canon. Log. defcrip. lib. ii. c. 6. § 8. 

(/) § 9. 

( g) Trigon. Britan, p. 75. 


6 C 2 


In 
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In the plain triangle ABC, if on the centers A 
and C be defcribed circles through B, cutting A C in 
E, F, G, and D, the perpendicular B H being let fall 
on A C, E H x H F is equal to G H x H D. There¬ 
fore HF :GH::HD: HE, and by compofition 
GF : GH :: ED : HE, and :: ED — GF : E G j 
alfo HF:GF; :HD :ED, and :: DF:ED-GF. 

Moreover EDis = AB-j-AC-f-CB, EG — 
ED—zCB, FD-ED—TAB, ED-GF 
= EG+FDs= 2 ED — aCB — j AB = 2 AC. 
Hence GF is to GH as 2 AC to EG, whence 
GF x EG is = 2 AC xGH; and DH is to ED 
as D F to 2 A C, that is, 2 A C x D H will be — 
E D x D F. 

~ Thus 2 AC : D G (:: a AC x DG : DG’) 
:: 2 AC x GH (EG x GF) : DGH (GB’) and 
ACxCB: rad A :: jED — CBx^ED — AC 
; lin 4 AC Jb]' 1 . 

Likewife 2 A C : D G (:: jACxDGiDG’) 
:: 2 ACxDH (EDxDF): GDH (DB 11 ); therefore 
ACxCB: rad.i:: 4 -EDxtED —AJ B;cof.4-ACB) q . 

An d in the laft place 7 ED x j ED —< AB 
:4ED—CB x^ED —AC :; radA : tang.lACB] 11 . 

5 This 
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This laft proportion was firft delivered by Gelli- 
brand, and the other two not long after by Oughtred, 
in their refpedtive treatifes of Trigonometry. 

But it may farther here be noted, that from two 
fides of a plain triangle, as AC, CB, with the angle 
between them A C B, the third fide A B may be 
found either by the firft or fecond of the foregoing 
proportions j for by the firft may be found EGxGF, 
that is, A F q — A G q , and by the fecond E D x D F, 
or A D q — AF’j whence by a table of fquares A F 
(e= AB) may be readily found, for AG is equal to 
AC —BC, and AD — AC + CB. 

In like manner in the fphe- 
rical triangle from the fides 
AC, CB, and the angle ACB, 
may the third fide be expedi- 
tiouily found with the aid of a 
table of natural fines, by the 
axiom referred to in the be¬ 
ginning of this difcourfe, as modelled for this pur- 
pofe by Napeir, in the propofition, which has been 
already referred to (b), whereby the axiom is re¬ 
duced to this analogy, 

Rad. q : fin. AC x fin. CB :: iin. % A C lib 

j verf. f. A B — verf. f, AC « CB ... 

: rad. x---(n. 

a x ' 

May 



(.h) Mirif. Canon. Conftr. p. 59. 

(*) An example of this method has been given above in the tri¬ 
angle ABC in p. 920. And in default of a table of natural fines, 
the bafe A B might have been found thus. The fum of twice the 
logarithmic fine of i ACB, added to the logarithmic fines of A C 

aru> 
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May it here be farther added, that thus all the 
cafes of oblique fpherical triangles may be folved 
without dividing them into rectangular ? For when 
two tides and the angle included, or when two angles 
and the tide between them are given, the two other 
angles or tides may be found by the proportions of 
Napeir and Briggs, whereby the other two angles or 
tides are found together ( k ) j the proportions, when 
two tides with the including angle are given, beings 
thefe, 

^ r AC 4- CB r AC tn CB . , a n d 

Cof.-—- : cof.- ;: cotang. \ A C B 


, CAB + CBA 
: tang.- - —■—. 

And 

Sin — + CB • fin AC M CB 
2 * ’ 2 


cotang, f ACB 


CAB co CB A 
: tang.---• 

The fecond of thefe has been demon fixated with 
great concifenefs by Dr. Halley, from the principles 
of the ftereographic projection of the fphere (/); and 
the firft is derived by him from the fecond, but not 


and BC amounted to 37.596411. The logarithmic fine of 

A Si ^ (9.562468) deduced from half this fum (18.798211) 
2 

leaves 9 235737. This number fought among the logarithmic 
tangents exhibits for its correfpondent fine 9.229400, which being 
dedu&ed from the forefaid half fum (18.79211) leaves 9.568805, 
which is the logarithmic fine of 21 0 44' 502", equal to half AB, 
(k) Vide Neper. Mirif. Canon. Conftr. pag. penult. 

(/) See Jones’s Synopfis, p. 281. 

altogether 
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altogether with the fame fuceefs, by his not obferving, 
that if the bafe and one of the fides be completed to 
femicircles, the fecond of the two proportions in the 
fupplemental triangle thence formed leads direftly to 
the fir ft in the original triangle. 

And to conclude, if two fides, and the angle op- 
pofite to one of them, or two angles with the fide 
oppofite to one, were given; when the other oppofite 
part is found from the proportion between the fines 
of parts oppofite, the remaining angle, or fide, may 
be found by either of the two proportions foregoing. 


LXXXII. An Account of the Plants Halefia 
and Gardenia: In a Letter from John 
Ellis, EJq\ F. R. S. to Philip Carteret 
Webb, Efq\ F. R. S. 

Dear Sir, 

Read Nov. 20, ‘XT’ OU rnuft have obferved, that as 
17 ° X the ipirit of planting has increafed 
in this kingdom, the ftudy of botany has become 
snore fashionable j the works of the celebrated Lin- 
nasus, heretofore looked on as capricious and ftrange, 
are now in the hands of every man, who withes to 
ftudy the order of nature. 

The great variety of plants, which you have in¬ 
troduced into your garden from North America, as 
well as from many other parts of the world, muft 
give you double pleafure, when you view them ranged 
in proper order, and judicioufly named. 

The 




